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Natural killer cell enhancing factor (NKEF) belongs to the deﬁned peroxiredoxin (Prx) family. Rock
bream NKEF cDNA was identiﬁed by expressed sequence tag (EST) analysis of rock bream liver that was
stimulated with the LPS. The full-length RbNKEF cDNA (1062 bp) contained an open reading frame
(ORF) of 594 bp encoding 198 amino acids. RbNKEF was signiﬁcantly expressed in the gill, liver, and
intestine. mRNA expression of NKEF in the head kidney was examined under viral and bacterial
challenge via real-time RT-PCR. Experimental challenge of rock bream with Edwardsiella tarda,
Streptococcus iniae, and RSIV resulted in signiﬁcant increases in RbNKEF mRNA in the head kidney.
To obtain a recombinant NKEF, the RbNKEF ORF was expressed in Escherichia coli BL21 (DE3), and the
puriﬁed soluble protein exhibited a single band corresponding to the predicted molecular mass. When
kidney leucocytes were treated with a high concentration of rRbNKEF (10 mg/mL), they exhibited
signiﬁcantly enhanced cell proliferation and viability under oxidative stress.
& 2011 Elsevier B.V. Open access under CC BY-NC-ND license. 1. Introduction
All living organisms are under constant attack from free radicals,
which, if produced in excess, can lead to serious cellular damage.
Reactive oxygen species (ROS) are produced naturally in animals
during normal aerobic metabolism [1]. The production of ROS is an
important immune defense against infection during phagocytosis,
which is an important defense reaction in the living organisms.
When the organism is attacked by microorganisms, phagocytosis is
activated in the host with high oxygen consumption, called the
respiratory burst, followed by mass ROS production, which can kill
foreign invaders [2]. However, excessive production or accumula-
tion of ROS in the cells creates a state of oxidative stress, which can
cause protein oxidation, lipid peroxidation, DNA strand breaks, DNA
base modiﬁcations, and cell death [3]. To protect against oxidative
stress, aerobic cells regulate excessive ROS via a group of antiox-
idant enzymes such as catalase (CAT), superoxide dismutase (SOD),ualife Medicine, Chonnam
, Republic of Korea.
im),
Y-NC-ND license. glutathione peroxidase (Gpx), and peroxiredoxins (Prx), as well as
non-enzymatic antioxidant molecules such as glutathione and
vitamins A, E, and C [3–5].
The natural killer cell enhancing factor (NKEF) belongs to
deﬁned peroxiredoxin (Prx) family. It was originally isolated and
cloned from human erythroid cells and named for its ability to
enhance the cytotoxicity of NK cells against tumour cells [6].
In addition to cytotoxicity, NKEF acts as a member of the
peroxiredoxin (Prx) family and has an antioxidant function [7].
It increases cellular resistance to oxidative damage by hydrogen
peroxide and protects cells from alkyl hydroperoxide and heavy
metals such as methyl mercury [8]. The NKEF protein may also be
involved in apoptosis [9,10], cell proliferation, differentiation [11],
and antiviral activity in vitro [10]. Although recombinant NKEF
(rNKEF)-A and recombinant NKEF (rNKEF)-B have similar antiox-
idant function levels, only the reduced form of rNKEF-A can
enhance NK cytotoxicity, which indicates that both the antiox-
idant and NK-enhancing functions of rNKEF-A and rNKEF-B
probably involve the cysteine residues of the proteins, but are
mediated by separate domains of the molecules [9].
NKEF genes have been isolated and characterized in some ﬁsh
species. In particular, the NKEF-A gene has been sequenced from
rainbow trout [12], common carp [13], channel catﬁsh [14],
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amino acid sequence is highly conserved in ﬁsh and mammals [18];
they all have identical structures that consist of six exons and ﬁve
introns [12,13]. To date, the presence of the NKEF gene in rock
bream Oplegnathus fasciatus has not been reported.
Rock bream is an important aquaculture species in Korea due
to its high market value and high consumer demand. In contrast
with other commercially important ﬁshes in Korea, the total
production of rock bream is unsatisfactory [19] due to the RSIV
(Red Sea Bream Iridovirus) disease, which has been the major
culprit of mass mortality of rock bream in Korea [20,21].
In this report, we describe the cloning, characterization, and
expression analysis of NKEF cDNA from rock bream. Gene expres-
sion analysis was conducted in several tissues of healthy rock
bream, and the expression responses were compared after bac-
terial and viral infections. Furthermore, to investigate the biolo-
gical activities of the rock bream NKEF, over-expression and
puriﬁcation of its recombinant protein were performed using an
Escherichia coli bacterial expression system.2. Materials and methods
2.1. Cloning and characterization of RbNKEF cDNA
NKEF cDNA was identiﬁed in the analysis of expressed sequence
tags (ESTs) of rock bream liver that were stimulated with the LPS
[22]. The recombinant Uni-ZAP XP was converted into pBlueScript
plasmid through in vivo excision, according to the manufacturer’s
protocol (Stratagene, La Jolla, CA). The 50 termini of the selected
cDNA clones were sequenced in the phagemid form using an ABI
3100 automatic DNA sequencer (PE Applied Biosystems, Foster City,
CA) and the ABI Prism BigDyes Terminator Cycle-Sequencing-Ready
Reaction Kit (PE Applied Biosystems).
The determined nucleotide and deduced amino acid sequences
and multiple sequence alignments were analysed using GENETYX
ver. 8.0 (SDC Software Development, Japan). The phylogeny was
inferred using the Mega 4 program and distance analysis using
the neighbour-joining method [23]. The support for each node
was derived from 2000 re-samplings.
2.2. Expression analysis of the NKEF gene in different tissues
RbNKEF mRNA expression was analysed via quantitative real-
time PCR using gene-speciﬁc primers. b-actin was ampliﬁed as a
control using Beta-actin-F and Beta-actin-R primers. The sequences
of the primers used in this study are listed in Table 1. Tissue-
speciﬁc mRNA expression was analysed in the peripheral blood
leucocytes (PBLs), head kidney, trunk kidney, spleen, liver, intestine,
gill, and muscle, which were isolated from a healthy rock bream of
approximately 200 g. Rock bream was sacriﬁced with anaesthesiaTable 1
Primers used in this study.
Primer name Sequence (50–30)
Rb NKEF-F CCCACTGAGATCATCGCTTT
Rb NKEF-R AATCTTCATGGCACCCAGAC
b-actin-F TTTCCCTCCATTGTTGGTCG
b-actin-R GCGACTCTCAGCTCGTTGTA
Rb NKEF BamH I-F ggatccATGGCTGCAGGCAAGGCA
Rb NKEF Xho I-R gcctcgagCTGCTTGGAGAAGAAGT
MCPL-F CCCTATCAAAACAGACTGGC
MCPL-R TCATTGTACGGCAGAGACAC
MCPS-F CTGCGTGTTAAGATCCCCTCCA
MCPS-R GACACCGACACCTCCTCAACTAoverdose by immersion in benzokine (Sigma, USA) and tissues were
aseptically excised. The peripheral blood leucocytes (PBLs) were
prepared as described previously [24]. The total RNA from each
tissue was extracted using TRIzols reagent (Invitrogen, USA), and
ﬁrst-strand cDNA synthesis was carried out using a ﬁrst-strand
cDNA synthesis kit (Takara, Japan), according to the manufacturer’s
instructions. The ﬁrst-strand cDNAs were used as PCR ampliﬁcation
templates, with the speciﬁc primers.
2.3. Bacterial and viral infection
For bacterial and viral infection, all experimental challenges
were conducted on 100 ﬁsh, approximately 11–13 cm in body
length. For the bacterial challenge experiment, Streptococcus iniae
(FP5228) and Edwardsiella tarda were obtained from the Fish
Pathology Division, National Fisheries Research & Development
Institute (Republic of Korea). For bacterial infection with S. iniae
(3108 cells/ﬁsh) and E. tarda (5106 cells/ﬁsh) by intraperito-
neal injection, sub-lethal doses were suspended in PBS buffer. For
viral infection, red sea bream iridovirus (RSIV) was isolated from
rock bream farmed in the Republic of Korea and was propagated
and titrated as described previously [25]. Experimental challenges
were conducted at a dose of 1106 copies/ﬁsh iridovirus adminis-
tered by intraperitoneal injection. Then injected ﬁsh were kept in
sea water at 2370.3 1C following experiment challenge. Phosphate
buffer saline (PBS)-injected rock bream (100 mL/ﬁsh) were used as
control group. The ﬁsh were starved during the experimental
challenge period. Kidneys were taken from ﬁve ﬁsh 1, 3, 6, 12,
24, 36, and 48 h post-infection (pi) and frozen at 80 1C for RNA
extraction. The total RNA extraction and cDNA synthesis were
conducted as described above (Section 2.2).
2.4. Quantitative real-time RT-PCR analysis
The cDNAs were synthesized for real-time PCR from stimulated
and non-stimulated rock bream kidneys. The threshold cycle (Ct)
values were automatically calculated as the cycles during which the
ﬂuorescence of the sample exceeded a threshold level that corre-
sponded to 10 standard deviations of the mean of the baseline
ﬂuorescence. The quantitative real-time RT-PCR was carried out in a
25 mL reaction volume containing 12.5 mL 2 SYBR Green Master
Mix (Takara, Japan), 1.0 mL cDNAs, each primer (10 pmol/mL), and
9.5 mL PCR-grade water. Thermal cycling and ﬂuorescence detection
were performed using the Thermal Cycler DICE Real-Time System
(Takara, Japan). The ampliﬁcation was performed as follows: 94 1C
for 2 min, followed by 30 cycles at 94 1C for 30 s, 60 1C for 30 s, and
72 1C for 1 min, followed by a ﬁnal extension at 72 1C for 5 min. The
relative expression of each gene was determined by the 2DDCT
method [26] using rock bream b-actin expression as a reference.
All data were reported as the amount of RbNKEF mRNA
relative to b-actin mRNA and expressed as the mean7standardUsage
Real-time PCR
Real-time PCR
CAAA Cloning
CTTTGC
RT-PCR (RSIV detection)
Real-time PCR (RSIV quantiﬁcation)
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analysis of variance (ANOVA), followed by Duncan’s Multiple
Range test, using SPSS version 17. Differences were considered
to be statistically signiﬁcant at po0.05, and all data represent the
means7standard deviation.
2.5. Production of recombinant RbNKEF in E. coli
To amplify the coding sequence, speciﬁc primers for RbNKEF
were designed with restriction enzyme sites corresponding to BamH
I and Xho I at the N-terminus and C-terminus, respectively (Table 1).
The PCR fragment and the pET28a vector (Novagen, Germany) were
digested with both enzymes, and ligated to produce the recombinant
clone, which was transformed into DH5a competent cells. After the
positive clones were sequenced to ensure their in-frame insertion,
the recombinant vector was transformed into E. coli BL21 (DE3) for
protein expression. The transformed bacteria were grown at 37 1C in
LB broth containing kanamycin (30 mg/mL) and chloramphenicol
(170 mg/mL), until the OD at 620 nm reached 0.7. Subsequently,
isopropyl-b-D-thiogalactoside (IPTG) was added to ﬁnal concentra-
tions of 0, 0.1, and 0.5 mM. Then, 5 h after induction, the cells were
harvested via centrifugation for 1 min at 12,000g and stored at 4 1C
after discarding the supernatants. Bacterial pellets (0.3 g) were
resuspended in 4.5 mL 6 M GuHCl, 0.1 M NaH2PO4, 0.01 M Tris–
HCl, and 0.02 M imidazole at pH 8.0, and then sonicated and
centrifuged (9300g for 20 min). The supernatant was collected and
mixed with 0.8 mL Ni-NTA agarose (Qiagen). The resultant protein
was separated electrophoretically on a 15% SDS-polyacrylamide gel
(SDS-PAGE) and visualized with Coomassie brilliant blue R250.
2.6. Assay for proliferation activity of recombinant RbNKEF
The concentration of recombinant RbNKEF was determined to
be 1.8 mg/mL using Bradford’s method.
The biological activity of the recombinant RbNKEF was tested on
kidney leucocytes that had been puriﬁed as described previously
[27]. The cells were adjusted to 2104 cells/well and resuspended
in RPMI-1640 medium (Gibco, USA) containing 5% FBS (Fetal bovine
serum, Gibco, USA) and 100 U of penicillin/streptomycin (Gibco,
USA). The mediumwas changed and cells were incubated with 1, 10,
100, 1000, or 10,000 ng/mL recombinant RbNKEF as the test groups,
with 5 mg/mL BSA as the control, in 5 mL RPMI-1640 medium at
25 1C for 24 h. For the proliferation assay, 10 mL WST-1 reagent was
added to each well after incubation.
2.7. Assay for antioxidant activity of recombinant RbNKEF
The antioxidant activity was tested using the protocol of Zheng
et al. with minor modiﬁcations [28]. Rock bream kidney leuco-
cytes (1.5106 cells/well) prepared as described above were
treated with 10 mg/mL rRbNKEF at 25 1C for 6 h and the one not
treated with rRbNKEF was used as control. After incubation,
subsequently, H2O2 (Sigma, USA) was added at different concen-
trations of 0, 10, 20, 40, 60, 80, 100 mmol for 30 min.
Both samples were incubated for another 4 h at 25 1C to
measure cell proliferation using the WST-1 Cell Proliferation
Assay System (Takara Japan), according to the manufacturer’s
instructions. The absorbance was determined using the Victor
3 microplate reader (Perkin Elmer, USA) at a test wavelength of
450 nm and a reference wavelength of 690 nm. The procedure
was performed three times for each group. The results were
subjected to one-way ANOVA, followed by Fisher’s Protected
Least Signiﬁcant Difference (PLSD) using SPSS version 17. Differ-
ences were considered to be statistically signiﬁcant at po0.05
and all data represent the mean7standard deviation.3. Results
3.1. Cloning and characterization of RbNKEF cDNA
The full-length NKEF sequence was isolated from a rock bream
liver cDNA library [22] and named RbNKEF. The RbNKEF cDNA was
1062 bp long and contained an open reading frame (ORF) of 594 bp
that encoded 198 amino acid residues. The 50 UTR (42 bp) and 30 UTR
(423 bp) contained a polyadenylation signal (AATAAA), a polyadeny-
lation site, and two ‘ATTTA’ sequences (Fig. 1), which have been
implicated in shortening the half-life of several cytokines and growth
factors [15]. The predicted 198 amino acid RbNKEF polypeptide has a
calculated molecular weight of 22.0 kDa, and theoretical isoelectric
point (pI) of 6.3. The nucleotide sequence data reported in this
paper have been deposited in the DDBJ/EMBL/GenBank nucleotide
sequence databases, with the accession number AB603654.
The amino acid sequence analysis indicated the existence of
two consensus Val–Cys–Pro (VCP) motifs (amino acids 51–53 and
172–174) and three consensus cysteine residues (Cys-52, Cys-71,
and Cys-173). Among the three cysteine residues, Cys-52 and
Cys-173 are involved in the VCP motifs, and Cys-71 is at the
N-terminus (Fig. 2).
The phylogenetic analysis indicated that the NKEF sequences
from marine ﬁsh and freshwater ﬁsh were segregated into two
separate clusters. The rock bream NKEF clustered with the marine
ﬁsh group and showed the closest relationship to the black rockﬁsh
NKEF-A. This grouping was well supported by bootstrapping (Fig. 3).
3.2. Expression proﬁling of the NKEF gene in rock bream
The expression of the NKEF gene in eight tissues from healthy rock
bream was detected via real-time RT-PCR. The gene was predomi-
nantly expressed in the gill, liver, and intestine. It was weakly
expressed in the head kidney, trunk kidney, muscle, and PBLs (Fig. 4).
Additionally, the mRNA expression of the rock bream NKEF in
the head kidney was examined under viral and bacterial challenge
via real-time RT-PCR analysis. Symptoms of the disease were ﬁrst
apparent on approximately Day 4 post-injection, and each patho-
gen was reconﬁrmed via PCR (RSIV) or cell culture (bacteria)
methods. The experimental challenge of rock bream with E. tarda,
S. iniae, and RSIV resulted in signiﬁcant increases in NKEF mRNA
in the head kidney (Fig. 5). In E. tarda-injected rock bream, the
NKEF transcripts peaked 6 h post-injection. In S. iniae-injected
ﬁsh, the NKEF transcripts were induced after 3 h, increased after
6 h, and peaked 24 h post-injection. NKEF mRNA increased sig-
niﬁcantly 24 h post-injection with S. iniae. In the RSIV-injected
ﬁsh, the NKEF transcripts were induced after 1 h (early than the
other pathogens) and maintained for 6 h, peaked at 12 h, and
decreased 48 h post-injection (Fig. 5).
3.3. Expression and puriﬁcation of recombinant RbNKEF (rRbNKEF)
To obtain rNKEF, RbNKEF was expressed in E. coli BL21(DE3)
under various conditions and rRbNKEF was puriﬁed as a histidine-
tagged protein. The subsequent 15% SDS-PAGE analysis showed
that rRbNKEF was highly induced by IPTG, unlike the non-induced
cells. The puriﬁed recombinant His-tagged RbNKEF protein
showed an apparent molecular mass slightly greater than
25 kDa by SDS-PAGE analysis, which is in accordance with the
calculated molecular weight of 22 kDa (Fig. 6).
3.4. Protective effect of rRbNKEF on cultured cells against
oxidative stress
To examine whether rRbNKEF affects head kidney leucocyte
activation, rock bream kidney leucocytes were treated with rRbNKEF
Fig. 1. The cDNA and deduced amino acid sequences of rock bream NKEF. The oligonucleotide primers used in the study are indicated with arrows, VCP motifs are boxed,
the ATTTA sequence and polyadenylation signal AAUAAA are boldface, and the poly (A) is underlined.
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Unlike control cells, the cells that were treated with 10 mg/mL
rRbNKEF, but not the other concentrations, exhibited signiﬁcantly
enhanced cell proliferation (Fig. 7).
To examine the protective effect of rRbNKEF against oxidative
stress, cultured primary kidney leucocytes were treated with
different concentrations of H2O2 in the presence or absence of
10 mg/mL rRbNKEF. The cells were then subjected to a viability
assay. The results showed that the presence of rRbNKEF signiﬁ-
cantly enhanced survival rate of kidney leucocyte (Fig. 8).4. Discussion
In this study, we describe NKEF cDNA from rock bream
O. fasciatus. Themultiple alignment of deduced amino acid sequences
revealed that rock bream NKEF shares high sequence identity with
other known teleost NKEF-A, vertebrate NKEF-A, and Prx-Is proteins.
In particular, the RbNKEF amino acid sequence contains two well-
conserved consensus Val–Cys–Pro (VCP) motifs, upon which theantioxidant activity of NKEF homologues is critically dependent [29].
Furthermore, RbNKEF contains three cysteine residues (Cys-52, -71,
and -173) that are conserved among all known NKEF-A and PrxI
sequences, which potentially indicate that only one disulphide bond
can be formed in RbNKEF (Fig. 2). It has been reported that the NKEF-
A of marine ﬁshes contains three cysteine residues that can form
only one disulphide bond [15–17], whereas the NKEF-A of freshwater
ﬁshes and other vertebrates can form two disulphide bonds because
it contains an extra cysteine residue (Cys-83) [13,14]. Many secreted
proteins require disulphide bonds between some of their cysteine
residues for stability of their folded conformations [30], and dis-
ulphide bond formation occurs co- and post-translationally in the
endoplasmic reticulum (ER) of eukaryotic cells [31]. During evolu-
tion, a protein’s amino acid sequence is altered by the insertion and
deletion of residues and by the replacement of one residue by
another [32]. For each amino acid, there is a speciﬁc probability of
it being replaced by another particular amino acid in some evolu-
tionary period [33]. Interestingly, we have observed the assumed
replacement amino acid sequence in our multiple alignments
(Fig. 2); it appears that the Cys-83 of freshwater ﬁshes can be
Fig. 2. Comparison of rock bream NKEF amino acid sequence to other known NKEF and Prx I sequences. Amino acids identical to the rock bream sequence are indicated by
an asterisk (*), and well-conserved cysteine residues and VCP motifs are boxed. The extra Cys-83 of freshwater ﬁsh and other species is boxed in grey.
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ment of an amino acid residue may occur due to its effective
antioxidant activity or the immune response in different habitat
environments. To verify this assumption, further investigation of this
replacement in other immune-related genes is needed.The phylogenetic analysis shows that the rock bream NKEF,
clustered with the black rockﬁsh, pufferﬁsh, and olive ﬂounder
NKEF-A, groups closely with the mammalian NKEF-A subfamily
and away from the NKEF-B homologues (Fig. 3). However, the
NKEF-B members are divided into two different clusters, one of
Fig. 3. Neighbour-joining tree of rock bream NKEF constructed using Mega 4. The bootstrap conﬁdence values shown at the nodes of the tree are based on 2000 bootstrap
replicates.
Fig. 4. Real-time RT-PCR analysis of RbNKEF gene expression in various tissues of healthy rock bream. b-actin was used as a control. Data are presented as mean7SD from
three independent cDNA samples with three replicates from each sample. Asterisks indicate signiﬁcant differences (*po0.05) compared to the control (spleen).
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result was conﬁrmed in several reports about the NKEF, A or B,
including pufferﬁsh [15], turbot [18], carp [11], and ayu [34]. There
are reports that the NKEF genes hold high identity during evolution
[18]. However, Dong and associates [15] reported that Tetraodon
NKEF-B and NKEF-A genes are found in different chromosomes andshowed highly conserved chromosome syntenies with human
NKEF-B and A genes, respectively. Furthermore, the structure of
Tetraodon NKEF-B gene and encoded protein are different from
that of the NKEF-A [15]. For this reason, NKEF-A and NKEF-B in
other teleosts might be experienced to similar evolution process
with Tetraodon. The NKEF-A and NKEF-B are certainly different
Fig. 5. Expression of RbNKEF mRNA in head kidney of rock bream infected with
E. tarda, S. iniae, and RSIV. The level of RbNKEF transcripts was quantiﬁed relative
to that of b-actin. Data are presented as mean7SD from three independent cDNA
samples with three replicates from each sample. Asterisks indicate signiﬁcant
differences (*po0.05) compared to the control (0 h).
Fig. 6. SDS-PAGE of over-expressed recombinant RbNKEF in E. coli BL21(DE3) cells
and the puriﬁed recombinant protein. M: protein marker (ELPIS); 1: 37 1C-Non-
induction pellet; 2: 37 1C-Induction 0.1 mM IPTG pellet; 3: 37 1C-Induction
0.5 mM IPTG pellet; 4: 37 1C-Non-induction supernatant; 5: 37 1C-Induction
0.1 mM IPTG supernatant; 6: 37 1C-Induction 0.5 mM IPTG supernatant; 7:
puriﬁed recombinant NKEF (5 mL).
Fig. 7. Effect of rRbNKEF on head kidney leucocyte proliferation. Head kidney
leucocytes were treated with various concentrations of rRbNKEF for 24 h, and
proliferation was analysed by WST-1 cell proliferation assay. The data presented
(mean7SEM; n¼3) are pooled results from ﬁve separate experiments. Asterisks
indicate signiﬁcant differences (*po0.05), as determined by one-way ANOVA.
Fig. 8. Effect of rRbNKEF on cultured cells against H2O2 exposure. Rock bream
cultured head kidney leucocytes were treated with different concentrations of
H2O2 in the presence or absence of rRbNKEF, and the cells were determined for
viability. Data presented (mean7SEM; n¼3) are pooled results from each
experiments. Asterisks indicate signiﬁcant differences (*po0.05), as determined
by one-way ANOVA.
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homologue in other species. Due to such high similarities, it has
been suggested that the NKEF-B members are closer to the NKEF-A
cluster.
In this study, the RbNKEF mRNA was detected in several tissues
of a healthy rock bream via real-time RT-PCR analysis. The
ubiquitous expression of RbNKEF was similar to the expression
patterns found in other species [12–15]. The expression levels of
RbNKEF in the gill, liver, and intestine were signiﬁcantly higher
than those in other tissues (Fig. 4). The gill is a respiratory organ in
ﬁsh that is directly exposed to the aquatic environment, in which a
great number of pathogenic microorganisms are present. Therefore,
the signiﬁcant expression of NKEF may help protect against the
invasion of pathogens and help prevent ROS damage, which are
produced by phagocytosis. Moreover, RbNKEF mRNA was detectedsigniﬁcantly in the liver and intestine, probably due to the functions
of these organs, where the liver’s multiple functions include
detoxiﬁcation, antioxidation, and the processing of nutrients
absorbed from the intestine [15], and the intestine plays an
important role in digesting and absorbing nutrients; thus, the liver
is prone to attacks by oxidants, which are by-products of metabolic
activity, and the intestinal mucosa is vulnerable to oxidative stress
due to its constant exposure to ROS generated by oxidized food
debris, transition metals such as iron and copper, bacterial meta-
bolites, and bile acids [35]. This coincides with the ﬁndings in the
present study. The high expression level of RbNKEF in the liver and
intestine suggests that it plays an important role in the innate
immunity and antioxidant activity of rock bream.
Temporal changes in NKEF expression have been analysed by
LPS injection or bacteria injection in several teleosts [14,18] and
J.-W. Kim et al. / Results in Immunology 1 (2011) 45–5252appear to be important in the immune response. To date, however,
there are no reports of temporal changes in NKEF transcription in
response to bacterial or viral challenge in teleosts determined
using real-time RT-PCR. Our real-time RT-PCR assays showed that
the transcription of the rock bream NKEF gene was differentially
regulated by S. iniae, E. tarda, and RSIV, which are important
pathogens that affect rock bream aquaculture [36,37]. RbNKEF
mRNA was expressed earlier and increased more rapidly following
viral injection (1 h after challenge) than after bacterial injection.
However, the expression level appeared to be signiﬁcantly higher
in the bacterial challenge (S. iniae, 24 h after challenge) than in the
viral challenge. This indicates that RbNKEF is quickly and sensi-
tively expressed in the kidney of rock bream against microbial
infection, and plays an important role in the early innate immune
system. Additionally, the up-regulated expression of RbNKEF may
be involved in eradicating the production of redundant peroxides
caused by microbial infection and in regulating the physiological
metabolism (redox homoeostasis regulation) of the ﬁsh body.
In this study, a cell proliferation assay was used to analyse the
effect of rRbNKEF on cell proliferation and cell viability in rock
bream head kidney leucocytes. When cells were treated with a high
concentration of rRbNKEF (10 mg/mL), the head kidney leucocytes
exhibited signiﬁcantly enhanced cell proliferation and viability
under oxidative stress. Signiﬁcant metabolic activity also occurred
in head kidney leucocytes stimulated by rRbNKEF. To elucidate the
exact physiological effect of rRbNKEF in rock bream, further inves-
tigation through in vivo testing is needed, which should conﬁrm the
possibility of using rRbNKEF as an immune stimulant.
In summary, we characterized the function of NKEF in rock
bream and examined the expression of NKEF in response to bacterial
and viral infections. The RbNKEF expression proﬁle after infection
indicated that it is inducible and may be involved in the immune
response. The proliferation capacity and antioxidant activity of
rRbNKEF indicated that RbNKEF is a cell proliferation controller
and antioxidant that is potentially involved in the regulation of
oxidative stresses and innate immune responses in rock bream.Acknowledgements
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